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Abstract 

Enterovirus 71 is an important pathogen that causes hi B h morhidity and mortality in children in Taiwan. Virus isolation in cell 
cultures has been (he standard method for enterovirus 71 idem iflcat ion in Clinical Virology laboratories. However, virus isolation 

u jiu m Wh ° n USUlfi CeJ1 CU,lure - A mi ^ ch >P for enterovirus 71 delation wns developed as an alternative* dmgiwslic 
method. The novel approach is based on hybridation of amplified DNA specimens with oligonucleotide DNA probe* immobilized 
on a microchip l'wo oliganueletide* were used as detection proh^ the pun-vntcrovirus sequence located in the 5'-noncoding region 
(5 -NCR) and the enterovirus 7Nspccific Sequence located in the VP2 region. The diagnostic procedure takes 6 h One hundred 
specimen* ident.ried as enteroviruses by viral cultures were tested using this microchip, including 67 enterovirus 71 specimens. The 
sensitivity of the novel method is 89.6% and iu speoHniy is 00.9%. The enterovirus 71-nifcrwhip ran detect the amplieon derived 
Irom wruJ UNA corresponding to 1-10 virum* in a clinical specimen. Microchip array is „ poicmial diagnostic method for 
identification of enterovirus in the future. 
tjft-2003 Elsevier Science B.V. All rights reserved. 

Ktywardv Microchip; linlcrovirus 71 



1. Introduction 

DNA microurray is a highly effective technology of 
investigating gene expression patterns in diverse organ- 
isms (Bowtell, 1999; Duggan et al M 1999) and can he 
used in such applications as drug discovery, genome 
mapping, and mutation detection. DNA mieruarray 
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technology is also highly promising for diagnosing viral 
infection. The use of DNA microchip arrays for typing 
and subtyping influenza virus has been reported (Li et 
ul., 200!). A method for species-speciiie detection of 
orthopoxviruses in the use of oligonucleotide microchip 
has also been described (La pa et aL 2002). It is 
convinced lhat the use of DNA chips for detecting 
pathogens in infectious disease holds great promise. A 
microchip was designed and developed for diagnosing 
enterovirus 71. 

Among enteroviruses, polioviruscs and enterovirus 71 
are two major pathogens that can cause severe neuru* 

reserved. 
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logical complications. While poliovuuses have been 
eradicated by vaccination, enterovirus 71 outbreaks 
have occurred frequently in recent years (Alexander et 
al;» 1994; Brown and Pallansch. 1995; Chang et al., 
1999a,b; Gilbert et al, 1988; Ho et al, 1999; Komatsu et 
ol„ 1999; Shall et uL, 2000a; Wungct al., 2002; Wu ct al., 
1999). The neuro virulence of enterovirus 71 came to 
attention in 1975 in Bulgaria, where 44 people died of 
brainstem encephalitis Epidemics of enterovirus 71, 
causing CNS diseases, subsequently uecuued in New 
York, Australia, Hurope and Asia (HInmberg et al., 
1974; Chumakov cl al.. 1979; Nagy el al., 1982; Schmidt 
et al., 1974; Shindarov et al., 1979). Taiwan experienced 
a ]*r£c enterovirus 71 outbreak in 1998, which infected 
at least 120 000 children and result* in near 80 deaths 
(Chung et ad., 1999b; Ho et al., 1999). Enterovirus 71 
infection lias been continually occurring in Taiwan 
recently {Wang ut al., 2002). Although the development 
uf antiviral drugs for enterovirus 71 is w riff in its infancy 
(Shia et al., 2002), curly diagnosis uun ulert public health 

workers to take preventive measures, thus limiting the 

spread of this virus and reducing mortality. 

The conventional diagnostic method for enterovirus 
71 infection is to isolate the vitus fium the palicuL and 
then identify it usmg neutralization lest or immuno- 
fluurescent assay (IFA). However, this method is time- 
consuming and relics on the availability of anti-sera or 
commercial monoclonal antibodies. Consequently, mo- 
lecular diagnostic assays are promising for rapid and 
sensitive detection of enterovirus 71 (Brown ct al., 2000; 
Singh et al., 2002; Tsan et al., 2002; Yan et al , 7001)! 
This study deigned an oligonucleotide microchip for 
F.V71 diagnosis and ;«fen evaluated 100 clinical speci- 
mens to access the sensitivity <ind specificity of the 
diagnostic chip. 



2. MaieiiaN and luelliuds 

2. L Clinical spp.r.bnens 

One hundred clinical specimens (throat swabs) were 
tested for enterovirus 71 using the novel iniciuchip. All 
of the specimens were fa>m Clinical Virology Labora 
tory. Chang Gung Memorial Hospital, in the years 2000 
and 2001. The specimens were collected from paticuts 
with clinical features of hand, foot, and mouth disease, 
herpanuina, aseptic meningitis, encephalitis or unspcci^ 
tied respiratory tract infection. All of the specimens were 
identified as positive for enteroviruses by viral culture 
and Il'A using a pan-en terovirus antibody (Chemicon t 
Temecula. CA). Furthermore. 67 specimens we™ if Inn- 
tilled as posirive for enterovirus 7|, 23 as coxsackievirus 
A 16. one as echovirus 30, five as echnvirns 4, nnd four 
as coxsackievirus B4. Type specific antibody (Chemi- 
coii) was used for serotype identification. Cell lines used 



for virus isolation and propagation were RD cells, 
MRC-5 cells and vero cells. Neutralization assay was 
conducted with RD cells following the standard proce- 
dure for typing enteroviruses (World Health Organiza- 
tion. 1988). 

2.2. RNA isolation, cDNA synthesis, and FCR 

umjtlifu:utiwt 

Viral RNA isolation and purification was carried out 
using a QIAmp Viral RNA Mini Kit (Qiagen GmbH, 
Germany) according to the manufacturer's directions, 
Briefly, 140 u! of specimen was added to 560 ul lysis 
buffer, and the mixture wat* incubated at room tern 
perature for 10 min. 560 ul of ethanol was then added to 
each sample, and the suspensions were applied to the 
QIAmp spin rolumn After ccnirifuging at 6000 x # for 
I min, the column was washed with 5(H) jd of butlers 
AWi and AYV2, and RNA was eluted with 60 u Iclulion 
buffer. Ready-to-Go™ RT-PCR Beads (Amersham 
Pharmacia Biotech, Inc. US) were used to amplify the 
viral RNA, and each bead was reconstituted with 19 ul 
oi DliPC-treatcd water and 1 uj of random hexamer (2.5 
ug/ul; Amersham Pharmacia Biotech). Template RNA 
(30 ul) was immediately added to the appropriate tube 
for 30 min at 42 U C, and the enzyme was inactivated by 
increasing the reaction temperature lo 90 C C for 5 min. 
12.5 (i1 aliquots of the RT mixture were then used as 
templates for PCR. The amplification reaction mixtures 
(25 ul) contained L5 Lf DNA polymerase (Promega. 
Madison, WI, USA) and EV Mix (1 L5 ul; DR. Chip 
Diolech, IlsinChu, Taiwan), Meanwhile, the EV Mix 
contained two set$ of primers (Table I) and the 5' end of 
the revels punier* were biotinylaied. DNA template 
derived from human (J-uctiu (GcnBunk accession No. 
ml0277 t position 2034-2346) and one set of aclin 
primers (15 nucleotides of both ends) were also included 
in the EV Mix as the PCR internal control, A KIC- 
100™ Programmable Thermal Controller (MF Re- 
search, Inc.) thermal cycler was used lo perform the 
following program: 94 °C for 4 min (1 cyd*); 94 °C for 
50 a, 55 *C for 50 s, and 72 "C for 50 s (40 cycles); 
extension ht 7? V C for 4 min. 

2 J. Hybridization an the EJ 7 ™ chip 

The amplification reaction mixtures contained two 
sets of primers (bnih 5'-noncoding region (NCR) and 
VP2 primers) and the RT-PCR products were hyhri- 
dizwl toother in the chip. On the other hand, specific 
oligonucleotides (Table 1) were immobilized at known 
locaiivws on a polymer substrate to form an enterovirus 
7 1 -microchip (DR. EV ,M Chip; DR. Chip Biotech). Th« 
equal amount of probes Panenterovh'Us-l, Puncntcro- 
virus- 2. and Panentcrovirus-3 were mixed together and 
then immobilized at the locations named spots 5. Using 



i 
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Tabic I 

Oligortiwteotide Ktiuence of primers used for RT-PCR amplification and probe* in the microchip 
Primer Sequences (5' 3') 



Locution Genomic position 



EVtl 
EVt7 
EVr4 



AACAGYCTATTGAGCTA 
CACYCGATGGCCAATCCAA 
CiniTriGTRSTCGAARTTrCC: 
A R RTI 'I A'l CCA Y*J "C3 R'l '( i ! GO 



5-NCR 
5-NCR 
VP2 
VP2 



423-439 
627-645 
1 1 79 - 1 1 !>H 
1485- i504 



Pmbc 

Pan EV.I 
Pan EV-2 
Pan UV-3 
EV 71-1 
EV 71-2 
F-V 710 
CA 

CA 16-2 
Prohc-P 
Probc-ll 



TCCi CCGGCCCCJ'G A Al GCGGCTAAI C 
TGTCOTAACGSGCAASTCTGYRGCCCAACCGAC 
J ACTrTOGGJCiTCX-G TCiTrrCI tTTTl'AT 
CTJ ATAACCAGAClCAACCCtKn CK: I CjA tg 
TGGCAT1 CCAA1 ATCACAA ITAAC:ACiT( r 
TRCARCACCCCf 'ACCTGCl YGA'I GCI UGSA 
CTCGGCACTATCaCAGGAGGCACCGGG AA T 

c:(TAc:r.c:{:ACTAc:ACAGc:cTGCiTCAGcrrG 

CiAGCGCK'iAAATCGTGCGCGACATCAAGGAG 
A TCiAAGCAYnTCAGGGCRTGGATACCTCG 



J- NCR 


m 5.15 


5-NCR 


514-546 


5' NCR 


547 574 


VP2 


13*0 1419 


VP2 


1453 I4S1 


VP2 


1429-1458 


VP2 


I.UV 1.173 


VP2 


1390-1419 


Actin 


2278-2307 


vpi 


3201-322!* 



(, Inosine; Y, C and T; R. A, und G; S, G and C; H, A, C, und T. Genomic Position: rdutivc lo the genome of EV71 strain BrCr. Note. The 
amplification mtCUon matures contained two sets of primers (both 5-NCR ami VP2 |>rinic«) and the RT-PCR products were hybridized toceihcr in 
the chips. 



the same method, spots 6 contained the mixture of 
probes enterovirus 71-1, enterovirus 71-2 and entero- 
virus 71-3 and the spots 7 contained the mixture of 
probes coxsackievirus AI6-1 and coxsackievirus A 16-2. 
A R-pl aliquot of the PCR product in a 1.5-ml lube was 
denatured at 94 °C for 5 min and chilled on ice for 2 3 
min. following dcnaturalion, 392 ul of hybridization 
buffer (DR. Hyb buffer, DR. Chip; 6x. SSC\ 5x 
Denhardl's reagent, 0.5% SDS, 100 ug/m! salmon sperm 
DNA) was added, thoroughly mixed, and placed into 
the reaction chamber within the DR. EV™ chip. The 
hybridization buffer also contained 15 nM of biotin- 
labeled oilgonueleotide that is complementary lu hybri- 
dization positive control probe (probe-H) listed in Table 
I. Hybridization control will display blue color when I lie 
hybridization reaction was successful, The chamber was 
placed in an oven (DR. Hyb™ oven, DR. Chip) for 1 h 
at 50 °C. The hybridization solution was then discarded, 
and each chamber was washed five times with 500 pi of 
washing bulTer (DR. Chip, 0,1 M maleic acid, 0.15 M 
NaCl, pH 7.5). Next, the streptavidin alkaline phospha- 
tase (Promega) was diluted in the blocking buffer 
(Roach Diagnostics GmbH, Mannheim, Germany) lo 
a concentration of 0.5 ul/m! and added to each chip (400 
ui/ehip). The chips were (hen incubated for 30 min al 
room temperature, and after 30 min or incubation, they 
were washed live times with 500 ul of washing buffer, 
and 400 pi of the colorimctric substrate (Roche Diag- 
nostics GmbH, Mannheim. Germany) was added to 
each chip. The colormetric substrate was prepared by 
diluting the NUT7I3C1P stock solution (Roche) in the 
detection buffer (0.1 M Tris-HCI, 0.1 M NaCl, pH 9.5) 
to a concentration of 20 pi per ml. After 10 min of 



incubation in the dark at room temperature, the chips 
were washed twice with 500 pi or washing buffer (DR. 
Chip) and air dried. 



3. Results 

The enterovirus 71-microchip contains 36 spots ar- 
ranged in six columns. l ; ig. I A shows the contents in the 
spots. Sequences of probes immobilized at each location 
are listed in Table 1. Enterovirus 71 specific probes are 
directed towards ihe VP2 region of the enterovirus 71 
gene. The Pan-en terovir us probes were designed to 
detect all human enteroviruses, Probe-P, an oligonu- 
clcotide with actin sequence, was used for PCR internal 
control. Probc-H was used for hybridization positive 
control because that antisense oligonucleotide was 
included in the hybridization buffer. In order to confirm 
the serotype-specifieiiy of the enterovirus 71-microchip, 
probes coxsackievirus A 1 6-1 and coxsackievirus A 16-2 
that derived from VP2 of coxsackievirus A 16 were also 
immobilized in the chip. The actual hybridization 
images are displayed in I : ig. IB. Blank sample shows 
blue color on the spots I and 4 that are the hybridization 
positive control (probe-H) and the PCR internal control 
(probt^P) (Fig. IB-a). The amplification reaction mix- 
lures contained two sets of primers (both 5'-NCR und 
VP2 primers) and the RT-PCR products were hybri- 
dized together in the chips. The hybridization pattern of 
RT-PCR amplicons from enterovirus 7l-posilivc speci- 
men (Pifi. lB-b) exhibits blue color on Ihc spots I, 4. 5 
and 6 (hybridization positive control, PCR iutcrmd 
control, Pan EV probes for all cnterovi rases, and 
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Fig. J. liV71 -microchip. (A) The graph* represent the microchip 
vlcmeot* The number inside the chip corresponds to control or ihc 
probe listed in Table 1. <1), hybridization positive control (prohe-H); 
(2). hybridizution negative control fantiffewo in prone-H); (3), without 
any oligonucleotide; (4), PCR iMOinal control (ON A fragment of 
aclin. probe P); (5), ihu mixture of probes PunL'V-l, Pun UV-2. und 
Pan EV3; (fi), the mixture of probes tV7I-l, KV7I-2, and l£V7l-3; (7), 
the mixture of probes CAI6-I and CA16-2. (U) I lybridizalion pattcma 
of RT-PCK cmplicoM from blank und five clinical jperimciu. U\) 
blank, (b> EV7I , (<) CAlfi. <d) Fxho 30, (c) Echo 4, and (0 CBS. 



Table 2 

The results of loo clinical specimens by EV7|.mlerochip 



Virui Total number Positive number 



Enterovirus 71 67 60 

Coxsackievirus A 16 23 I 

IxhoviruE* 30 I 0 

Echoviru* 4 5 2 

Coxsackievirus B4 4 0 



enterovirus 7 1 -specific probes. Coxsackievirus A 16 spe- 
cimens showed color on spots 1,4, 5, and 7 (Fig. I B-c). 
The other non-cnlerovirus 7l/noo> coxsackievirus A 16 
enterovirus specimens only show color on the control 
(spots I, 4) and pan-entero (spots 5) regions (Fig. IU-d> 
e, 0 One hundred specimens from patients infected with 



enteroviruses were analyzed (Table 2), all of which had 
previously been confirmed as enterovirus infection by 
viral culture, The enterovirus 71 -microchip obtained 
positive results for 60 (89.6%) of the 67 specimens 
identified a* enterovirus 71 by viral culture. Meanwhile, 
of the 33 non-enterovirus 71 enteroviruses were also 
tested in this investigation, 3 (9.1%) showed positive for 
enterovirus 71, including one case of coxsackievirus AL6 
and two of cchovirus 4. Taking the traditional vital 
culture method as a reference, EV71 -specimens that 
tested positive with the microchip, but negative by the 
culture method were considered false positive results. 
Conversely, FV7 1 -specimens that tested positive using 
the culture method, hut negative using the microchip are 
considered to be false negative results. The numbers of 
true positive, true negative, false positive and false 
negative results are 60. 30, 3, and 7, respectively. The 
novel microchip thus has a sensitivity of 89.6% and 
specificity of.90.9%. 

To determine how many viruses must be present in a 
specimen before they can be detected by the EV71- 
microchip, a series of various dilutions of viruses (strain 
lirCr) were added to a negative specimen. The virus titer 
was measured by plaque assay. Meanwhile, RT-PCR 
was performed with RNA samples isolated from each of 
the serial dilutions. . The amount of template RNA 
corresponding to 10 Z — 1 0^ virions was needed to produce 
a visible specific amp] icon on the agarose gel (data not 
shown). However, the I:V7 1 -microchip can detect the 
amplicon derived from viral RNA corresponding to l- 
10 virions. 



4. Discussion 

Hand, foot and mouth disease is a common illness 

among infants and young children. Several enterovirus 
infections can cause hand, foot and mouth disease, 
including coxsackievirus A 16. A5. A 7, A9, A in, B2, B5 
and enterovirus 71. However, enterovirus 7t is a major 
known causative agent which is associated with sig- 
nificant mortality because of its involvement of the 
central nervous system (Chang el al., 1999b; Gilbert el 
al, 1988), Rapid diagnosis of enterovirus 71 infection 
could also assist physicians in distinguishing enterovirus 
71 from other enterovirus infections. Making this 
distinction would enable hand-foot-and-mouth disease 
or herpangina patients with EV71 infection to receive 
special care and management, reducing subsequently 

complications and mortality (Shih et al,, 2000b). The 
enterovirus 7 1 -microchip provides u rapid diagnostic 
method for enterovirus 71 infection. 

Although several PCR-based method for enterovirus 
71 identification have been developed (Brown et at,. 
2000; Shindarov et al., 1979; World Health Organiza- 
tion, 1988), they all require the procedure of viral 
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culture. Furthermore, since enterovirus 71 in tin RNA 
virus with the existence of quasispeeies (Melnick, 1990; 
Rueckert. 1990), PCR analysis that relied solely on the 
lengths of the amplified products would he unable to 
detect minor genome polymorphism, such a* point 
nucleotide variations, short deletions, and insertions. 
Gene chip could contain multiple probes and may 
overcome the limitations of clinical application and 
provide a potential tool for distinguishing different 
genotypes of enterovirus 71. 

In (he present study, three isolates were originally 
identified as coxsackievirus Alfi by immunofluorescent 
staining with coxsackievirus Al6-specific monoclonal 
antibody, but sequence analysis of the RT-PCR product 
derived from viral RNA revealed 96 u /u identity with 
enterovirus 71 and only 65% identity with coxsack- 
ievirus A 16 in the VP I region. These three isolates tested 
positive using the enterovirus 7 1 -microchip. 

.Similar to other FCR-hascd methods, microarray chip 
significantly reduces biological hazard by avoiding the 
isolation of live virus (Casas et aL, 2001; Fox et at., 
2002; Manayani et al., 2002; Santos et al., 2002; 
Verstrepen et al M 2001; Wilson et al., 2000). The relative 
sborl length of the amplified fragment in the proposed 
method also makes it appropriate for immediate hybri- 
dization without any fragmentation. The use of biotin 
labeled primers appears to display a highly efficient 
incorporation in Lhe final PCR product, and the 
hybridization procedure takes about 2 h. Including the 
time required for PCR, the whole procedure takes just 6 
rv which is significantly faster the traditional viral 
culture method. 

There are near 70 serotypes of enteroviruses infecting 
humans. Similarity in antigenic sites causes the difficulty 
to distinguish certain serotypes of enteroviruses when 
using antibody in the diagnostic methods. Therefore, the 
microarray chip based on genomic differences would be 
a promising tool in enterovirus diagnosis. This study 
successfully designed and developed an EV7 1 -specific 
microchip* which may provide a reference to construct a 
comprehensive microarray chip for olher enterovirus 
identification. 
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